P atients who present with a poor neurological grade after aneurysmal subarachnoid hemorrhage (SAH) often have poor outcomes. Intrasylvian hematoma (ISH) is a subtype of intracranial hematoma caused by aneurysmal rupture and has distinct features. 2, 18, 19 Poor-grade SAH with ISH has been considered to be less associated with severe initial injury and regarded as a potential responder to intensive treatment. 2, 19, 20 The purpose of this study is to clarify whether the presence of ISH predicts good functional recovery from poor-grade aneurysmal SAH.
Study in Epidemiology) statement. 23 The study protocol was approved by the Kurashiki Central Hospital Research Ethics Committee, and informed consent was obtained from all competent patients or from a relative of patients incapacitated by their SAH.
patient selection and clinical evaluation
A prospectively maintained aneurysmal SAH database at our institution comprised 287 patients who were treated within 72 hours after symptom onset between January 2008 and December 2013. Patients were excluded from surgical or endovascular intervention if they had obvious evidence of irreparable brainstem injury, or if next of kin indicated limits on therapeutic interventions. Among them, 97 consecutive patients with initial clinical condition of World Federation of Neurosurgical Societies (WFNS) Grade IV or V were retrospectively reviewed. 4 Age, sex, hypertension and/or Type 2 diabetes status, preoperative antiplatelet or anticoagulant use, size and location (anterior or posterior circulation) of the aneurysm, treatment modality (clip or coil), intraventricular hemorrhage, and subarachnoid clot burden by semiquantitative Hijdra scale 9 were analyzed to identify characteristics of SAH with ISH. Subsequently, to assess the contribution of ISH to the clinical course and complications, the following factors were analyzed: initial neurological status according to WFNS grade (Grade IV vs V), decision to undertake external decompression at surgery, presence of initial cerebral edema, procedure-related complications, symptomatic vasospasm, and chronic hydrocephalus. Patients who died before evaluation for symptomatic vasospasm (n = 11) and chronic hydrocephalus (n = 14) were excluded from these analyses. Procedure-related complications were defined as symptomatic postoperative hematoma formation or cerebral infarction in cases of surgical clipping, vascular perforation, hematoma growth unrelated to aneurysmal rebleeding, 5 or symptomatic thromboembolic event in cases of endovascular coiling. Symptomatic vasospasm was defined as clinical symptoms, such as confusion or decline in level of consciousness, or focal deficits not clinically or radiographically attributable to other causes, occurring between Days 4 and 14 after SAH.
Functional outcome of the patient at 6 months after discharge was determined using the modified Rankin Scale (mRS) administered by a physician (S.Y.) blinded to the patient's history, and outcome was dichotomized into good (mRS scores of 0-3) and poor (mRS scores of [4] [5] [6] . The relationship between ISH and recovery to good functional or discharge outcome was analyzed together with the other covariates, including younger age and better initial neurological grade (WFNS Grade IV vs V), which are known predictors of favorable outcomes of patients with poor-grade SAH. 15 
radiological evaluation
All patients underwent head CT scanning on admission. We observed that an intrasylvian thick clot was most easily identified between the insula and the temporal lobe, and started to show mass effect when its short axis was 10-12 mm long. Therefore, in this study, the presence of ISH was defined as the massive hematoma centering on the sylvian fissure and measuring longer than 15 mm along the short axis between the insula and the temporal lobe, and determined by an independent neuroradiologist (S.N.) blinded to patients' characteristics and outcomes (Fig. 1) . In the non-ISH group, an intracerebral hematoma (ICH) in the brain parenchyma that measured longer than 15 mm on the short axis was also recorded (Fig. 1B) .
All patients also underwent head CT scanning on the day after surgery and at discharge. The volume of the hypodense area on CT imaging was determined by perimeter tracing conducted by an examiner (K.H.) blinded to clinical characteristics. The hypodense area on the head CT scan was manually traced on each individual slice using ViewR software (GE Yokogawa Medical) and was multiplied by slice thickness. The total hypodense area for each patient was calculated as the sum of all individual hypodense volumes. 12 In the subgroup in which the initial cerebral edema volume was greater than the median volume (18 ml), chronological change of the cerebral edema was analyzed by comparing hypodense areas on the postoperative Day 1 and discharge CT scans.
treatment protocol
During this period, we pursued an early treatment regimen of patients with SAH. Patients were assigned to undergo surgical clipping or endovascular coiling, which was determined according to discussions between surgical and endovascular teams using the initial head CT scan and 3D CT angiogram. When assigned to surgical clipping, patients were immediately transferred to the operation room without undergoing catheter angiography. Patients who were assigned to endovascular coiling or who had no detectable aneurysms on 3D CT angiography were transferred to the angiography suite. The cases requiring hematoma evacuation were preferably assigned to surgical clipping, and external decompression was performed according to brain swelling at operation.
Vasospasm was prevented by a continuous cisternal irrigation protocol with milrinone, which is a bipyridine methyl carbonitrile analog of amrinone and has inotropic and vasodilating action. 1, 17 When angiographic vasospasm was observed on 3D CT angiograms taken every 3 to 4 days, the irrigation solution consisted of lactated Ringer solution, urokinase (120 IU/ml), ascorbic acid (3.5 mg/ ml), and milrinone (3.6 mg/ml), which was continuously infused between the inlet and outlet tubes inserted in the subarachnoid space until Day 14 after SAH. Intravenous fasudil chloride was also administrated during this period. Percutaneous transluminal angioplasty for vasospasm was not performed in this cohort, because symptoms were mild or because vasospasm occurred in more peripheral vessels.
data analysis
Quantitative variables are expressed as the mean ± SD or the median value ± quartile deviation, as appropriate. Univariate logistic regression and chi-square tests were performed to evaluate covariates for binary, categorical, dependent variables, as appropriate. The normality of the data was evaluated using the Shapiro-Wilk test. Nonnormally distributed variables related to the hypodense area on the head CT scans were compared between patients with and those without ISH using the Mann-Whitney Utest. Significant correlation of ISH with patients' clinical course or good functional outcome was evaluated by using univariate logistic regression. Only variables with p < 0.20 in the univariate analysis were included in the multivariate logistic regression model-building process. Models were built using forward/backward stepwise logistic regression, with variables entered into the model and removed at a 0.20 significance level. Values of p < 0.05 were considered statistically significant. The OR and 95% CI were also determined in the logistic regression analysis. 
results ish and baseline characteristics
Characteristics of patients and incidence of ISH in 97 poor-grade (WFNS Grade IV or V) aneurysmal SAHs are summarized in Table 1 . ISH was observed in 14 of 97 cases (14%) of poor-grade SAH. A representative case of SAH with ISH is shown in Fig. 2 . All 14 cases with ISH were caused by ruptured middle cerebral artery aneurysms and treated with surgical clipping without catheter angiography. ICHs longer than 15 mm along the short axis were observed in 18 of 83 cases (21%) in the non-ISH group. Temporal lobe ICH was observed in 4 cases, of which 3 were associated with diffuse SAH and 1 was associated with minor SAH.
Our early treatment regimen enabled ultra-early surgery within 6 hours of onset in 47 of 64 cases (73%) of surgically treated poor-grade SAH and in 13 of 14 cases (93%) of SAH with ISH. The baseline characteristics of patients were not significantly different between the ISH and non-ISH groups. Surgical clipping was predominantly performed in the ISH group. The Cohen k value qualifying the level of agreement between observers was 0.78 for presence of ISH on the head CT scan on admission, indicating a substantial degree of agreement. Tables 2 and 3 show the results of univariate and multivariate analyses for contribution of ISH to clinical courses and complications, respectively. ISH was not significantly associated with poorer initial neurological grade (WFNS Grade V vs IV), procedure-related complications, symptomatic vasospasm, or chronic hydrocephalus in the univariate logistic regression analysis. Procedure-related complications were observed in 3 of 14 cases (21%) in the ISH group and in 21 of 83 cases (25%) in the non-ISH group (Table 4) . Of these cases with complications, 2 (14%) in the ISH group and 14 (17%) in the non-ISH group had poor outcomes (mRS scores of 4-6 at 6 months). Symptomatic vasospasm occurred in 2 of 13 cases (15%) in the ISH group and in 17 of 73 cases (23%) in the non-ISH group. Symptomatic vasospasm in the ISH group presented with focal neurological worsening, which resolved over time. Global delayed cerebral infarction as a result of diffuse severe vasospasm occurred in 8 patients in the non-ISH group. Of these, 2 patients died of global cerebral ischemia (mRS score of 6), and 6 patients became fully dependent (mRS score of 5).
ish and clinical courses
On the other hand, the presence of ISH was more likely associated with the decision to perform external decompression during surgery (OR 35.5; 95% CI 7.05-179; p < 0.001, univariate logistic regression). SAH patients with ISH were also more likely to have initial cerebral edema (p < 0.001, Mann-Whitney U-test), documented as the hypodensity volumes on the head CT scan obtained the day after surgery. ISH remained an independent contributing factor for the decision to perform external decompression and for initial cerebral edema volume greater than the median volume (18 ml) by multivariable analysis (Table  3) . Chronological change of the cerebral edema was analyzed in the subgroup in which the initial cerebral edema volume was greater than the median volume (18 ml). In the ISH group, the hypodense area on CT scans decreased over time by a median of 18 ml (± 7.75 ml [quartile deviation]), whereas in the non-ISH group, this area increased by a median of 17 ml (± 29.5 ml [quartile deviation]). There was a significant difference between the 2 groups (p < 0.001, Mann-Whitney U-test). Initial severe unilateral motor weakness (Grade 0-2/5) improved to functional strength (Grade 4-5/5) at discharge in 6 of 9 patients (67%) in the ISH group.
ish and Favorable outcomes
Functional outcome at 6 months after discharge in the ISH and non-ISH groups is summarized in Fig. 3 . Table  5 shows the results of univariate regression analysis of factors for favorable functional outcome (mRS scores of 0-3). Favorable functional outcome was observed in 41 patients (42%) with poor-grade SAH. Univariate analysis demonstrated that ISH was significantly associated with favorable functional outcome (OR 6.48; 95% CI 1.67-25.1; p = 0.007). WFNS Grade IV (vs Grade V; OR 2.93; 95% CI 1.27-6.79; p = 0.012) and younger age (OR 1.05; 95% CI 1.02-1.09; p = 0.004) were also significant predictors of favorable outcome. In the multivariable logistic regression analysis, ISH remained an independent predictor of favorable functional outcome with an OR of 5.75 (95% CI 1.36-24.3; p = 0.017) after adjustment for potential confounders such as WFNS Grade IV (vs Grade V), younger age, and female sex (Table 6 ).
discussion
In this study, we characterized ISH as independently associated with good functional recovery from poor initial neurological grade SAH. Initial cerebral edema significantly improved over time in patients with ISH, which might have contributed to favorable functional outcomes in this group. Poor-grade SAH is categorized into SAH with ISH, SAH with ICH, and diffuse SAH and/or intraventricular hemorrhage without hematoma (Fig. 1) . 24 In diffuse SAH and/or intraventricular hemorrhage without hematoma, a poor initial neurological grade reflects entire brain hypoperfusion or hypoxia, due to global intracranial pressure surge or cardiorespiratory arrest, respectively, suggesting brain function has been broadly and irreversibly damaged. In SAH with ICH in the brain parenchyma, destruction of substantial brain volume results in a severe, permanent neurological deficit even when local intracranial pressure elevation is properly controlled by decompression. On the the other hand, in SAH with ISH, an initial poor neurological grade may represent states of reversible brain dysfunction secondary to the combined impact of intracranial pressure elevation and localized subpial brain disruption, neither of which alone is necessarily severe enough to lead to permanent neuronal damage of the underlying affected regions. Temporal lobe ICH with minor subarachnoid clot has also been reported to have better outcomes. 19 However, in our cohort of patients with poor-grade SAH, most of the ICHs involved the frontal lobe or were associated with diffuse SAH. Temporal lobe ICH with a minor subarachnoid clot was observed in only 1 case, thus contributing little to poor functional outcomes in the non-ISH group.
The reversibly disrupted brain in SAH is then exposed to the risk of secondary brain injury. There, a vicious spiral works over time between brain swelling and ischemic infarction, with each exacerbating the other in the limited intracranial space. 20 It was also described as a "feedforward" cycle of brain injury by Fisher and Ojemann: "Increased intracranial pressure creates a vicious cycle of anoxia → swelling → more anoxia." 6 Indeed, Saito et al. reported that delayed postoperative brain swelling (1 week after surgery) more likely developed in patients with SAH with ISH than in patients with SAH with intraparenchymal ICH. 18 Given less initial brain damage and associated secondary brain swelling, previous studies have aimed at intervening to treat one of these pathological processes by early hematoma evacuation or external decompression and have obtained reasonable outcomes from poor-grade SAH with ISH. 2, [19] [20] [21] Our results also supported validity of early decompression for treatment of SAH with ISH.
In this study, hypodense areas on head CT scans decreased over time in the ISH group, suggesting that a considerable amount of initial brain dysfunction was due to reversible cerebral edema. On the other hand, hypodense areas in the non-ISH group increased in volume, suggesting that initial brain damage was more likely irreversible and that new cerebral infarction occurred as a result of the aforementioned vicious spiral. In addition, two-thirds of SAH patients with ISH experienced functional recovery from initial severe unilateral motor weakness, which contributed to favorable functional outcome. Taken together, initial brain damage in the ISH group was more recoverable and secondary brain injury was avoided under our strategy, both from radiological and functional perspectives.
ISH is formed differently than intraparenchymal-type ICH in aneurysmal SAH, in which the main component of ISH is subpial extension of the subarachnoid clot. 5, 22 Because ISH exhibits distinct features, evaluating procedurerelated complications of ISH is meaningful. Removal of an ISH is technically more difficult than that of an ICH, due to involvement of fragile pial vessels. 18, 24 In our cohort of patients with ISH, subpial hematoma expanded after uneventful surgery and required repeated craniotomy in 1 case, which may be a specific complication of the ISH group. Complications related to endovascular coiling exclusively occurred in the non-ISH group. However, the overall complication rate and severity were not significantly different between the 2 groups (Table 4) .
Another major concern in predicting outcomes of SAH is delayed cerebral infarction caused by vasospasm. In this study, the incidence of symptomatic vasospasm was 15% in the ISH group and 23% in the non-ISH group in our cohort of patients with poor-grade SAH. Previous studies have described a correlation between thick subarachnoid clots and a high incidence of vasospasm.
13, 14 However, in our cohort of patients with ISH, the incidence of vasospasm was not higher and vasospasm-related neurological deficits were less severe. In patients with ISH, delayed worsening of ipsilateral vasospasm-related symptoms may not be clinically detected, because it is masked by preexisting neurological deficits associated with cerebral edema accompanying ISH. Furthermore, removal of a massive ISH during surgery may represent a high rate of subarachnoid clot clearance, which has also been reported as an independent predictor of less severe vasospasm. 10, 16 Our study has several methodological limitations. First, because of its observational design, findings should 20 or a maximum diameter of 30 mm. 24 An important cutoff point regarding outcomes in spontaneous ICH has been reported as a volume of 25-30 ml. 3, 7, 8 However, it is unclear whether this volume can be applied to SAH with ISH. Unlike spontaneous ICH, ISH is often associated with a diffuse subarachnoid clot that modifies intracranial pressure and cerebral circulation. In addition, it is intrinsically difficult to distinguish a subpial hematoma from a subarachnoid clot in ISH. For instance, the presence of ISH may be overestimated in patients with a wide sylvian fissure due to brain atrophy, even though its accompanying subpial hematoma, which is a true component of ISH, is small. Furthermore, the complicated shape of the sylvian fissure disrupts precise measurement of ISH volume, and radiological artifact from skull-base bones on CT imaging is unavoidable when the basal sylvian fissure is evaluated. In this study, we included poor initial neurological grade SAH patients with ISH measuring at least 15 mm between the temporal lobe and insula. If required, we will continue to refine this inclusion criterion in future studies. Further investigation would be warranted to confirm functional recovery of SAH with ISH and identify causative mechanisms.
conclusions
ISH caused by ruptured middle cerebral artery aneu- rysms predicted good functional recovery from poor-grade SAH. Aggressive treatment is recommended to maximize potential functional recovery of this subgroup of poorgrade SAHs.
acknowledgment
We thank Hiroyuki Yamamoto for radiological evaluation and data collection.
references

